Soil is an important resource to promote increased maize yield, which can occur through an efficient soil tillage system, this being directly linked to the sowing process. Thus, the objective of this study was to evaluate the influence of tillage systems in an Ultisol and sowing rate on soil physical and agronomic attributes of the maize hybrid BRS 1055. The experiment was conducted in randomized blocks in subdivided plots with four replications, with soil tillage in the plots -moldboard plow + off-set harrow of 24" (T1), off-set harrow of 22" (T2), off-set harrow of 24" (T3) and chisel + off-set harrow of 24" (T4), and the following maize sowing rates: R1 -5.1 km h -1 , R2 -8.7 km h -1 and R3 -10.7 km h -1 . In the soil, the following variables were determined: soil density, soil porosity and soil penetration resistance (RP); and in the crop: plants per meter, plant height, first ear insertion height, viable ears, stem diameter, ear length, number of rows, number of grains per row and yield. Soil density and total porosity did not show differences between soil tillage systems. There was variation of RP in the 0.30-0.40 m layer, due to the depth and type of tillage performed for each implement. The rate variation provided changes in all agronomic attributes of the maize crop, while the soil tillage systems only affected plant height at 30 days after sowing.
Introduction
Maize is the second largest crop in Brazil, losing the top spot to soybeans, with a production of 80 million tons of grain in 2015 and an average yield of 5,233 kg ha -1 (IBGE, 2015) . While the average yield in the northeast is 2,629 kg ha -1 , which is a reflection of the low yields in the states of Pernambuco, Paraíba, Alagoas and Rio Grande do Norte, with an average below 889 kg ha -1 (IBGE, 2015) .
The yield of maize grains may be affected by several factors, such as the sowing rate variation, that is, as the rate increases, also increases the amount of defective and double spaces; and with this, the amount of plants with ears decreases (Garcia et al., 2006) . In contrast, a study by Jung et al. (2009) with disk and pneumatic seeders, testing the rates of 4.9; 5.8; 7.0 km h -1 , claim no variation in yield. Another factor that may affect the development of the maize plant is the tillage system and, in this respect, Kappes et al. (2013) verified that maize height was lower with soil tillage systems when compared to no-tillage in two agricultural years, the same effect being observed for ear height. Narimatsu et al. (2014) found that maize yield did not differ between soil management systems (conventional tillage, minimum tillage and no-tillage), with differences only for the first ear insertion height.
Tillage systems can alter soil physical attributes and thereby restrict or maximize agricultural production. Cortez et al. (2011) verified that the intense conventional tillage in an Ultisol in the northeastern semiarid region influences the soil density in the 0.10-0.20 m layer, besides the higher total porosity in areas without tillage and the smaller total porosity in areas prepared with chisel and off-set harrow with disks of 24" (0.61 m) in diameter. Moreover, in the treatment with chisel, the soil resistance to penetration is smaller; being concluded in their study that the agricultural layer varies up to 0.30 m, depending on the tillage equipment. Cortez et al. (2014) verified that the machinery traffic in sandy soil can affect the values of the attributes density and total soil porosity.
Therefore, the objective of this study was to evaluate the physical attributes of the Ultisol and the agronomic characteristics of the cultivation of the maize hybrid BRS 1055 as a function of sowing rate and soil tillage systems in the conditions of the Submiddle Valley of the São Francisco River.
Material and methods
The work was developed at the Federal University of the São Francisco Valley -Agrarian Sciences Campus, in Petrolina -PE, located at latitude 09º23' south and longitude 40º30' west, at an altitude of 376 m. According to Brasil (1973) , using the classification of Köppen, the climate of this area is tropical semiarid, type BshW, dry and hot in the northern region, and hot semiarid in the southern region, characterized by scarce and irregular rainfall in the summer and strong evaporation as a result of high temperatures. The soil was classified as typical dystrophic Ultisol, of sandy texture (Table 1) by Amaral et al. (2006) . The experiment area was cultivated with forage sorghum under conventional soil tillage systems. It has a linear irrigation system to maintain soil moisture at the time of tillage, data collection and cropping. Cortez et al. (2011) .
A randomized complete block design was used in subdivided plots and four replications (four blocks). The four tillage treatments were applied to the main plots with an area of 240 m 2 (20 x 12 m) and spaced 15 m, being: moldboard plow + off-set harrow of 24" -0.61 m (T1), off-set harrow of 22" -0.56 m (T2), off-set harrow of 24" -0.61 m and width of 1.50 m (T3) and chisel + off-set harrow of 24"-0.61 m (T4) ( Table  2 ). In the subplots with an area of 80 m 2 (20 x 4 m) and spaced 1.0 m, the following sowing rates were applied: R1 -5.1 km h -1 , R2 -8.7 km h -1 and R3 -10.7 km h -1 .
As a source of power for traction of the soil tillage equipment, a 75-hp (55.2 kW) tractor (model Valtra 785) with auxiliary front wheel drive was used, with 18.4-30 R1 front and rear tires and the following available gears: first, second and third (high and low), with 2044 rpm engine rotation. Seeds of the simple maize hybrid BRS1055 were used, with 98% purity, 85% germination and mean distribution of 60,000 plants per ha (Embrapa, 2009) . Sowing was performed on November 13, 2012 and with 1.0 m spacing between rows.
The chemical analysis of the soil met the fertilization recommendation of (CEFS, 1989) . Fertiliza-tion was carried out with the following compositions: urea at a dose of 50 kg ha -1 at sowing and 200 kg ha -1 at cover, granulated single superphosphate at a dose of 100 kg ha -1 with a single application (sowing); as well as micronutrient fertilization (50 kg FTE BR) and granulated potassium chloride at a dose of 50 kg ha -1 at sowing and 50 kg ha -1 at cover. Cover fertilization occurred at the following plant ages: 15, 25 and 35 days after emergence. To control the maize shell caterpillar (Spodoptera frugiperda), an insecticide of the chemical group Oxime Methylcarbamate was used at a dose of 0.6 L ha -1 with 300 L ha -1 syrup, and to control leaf-cutting ants, granulated baits with sulfluramide were used with application of 8 to 10 g of bait for each square meter of loose soil for each nest.
The undisturbed samples for soil density evaluation were collected using volumetric rings with a volume of 128 cm 3 , being collected at a random point within each plot in the layers 0.00-0.10; 0.10-0.20; 0.20-0.30 and 0.30-0.40 m deep (Embrapa, 1997). Total porosity (TP) was obtained after the volumetric rings from the soil density samples were placed in a tray with water and reached the saturation point, their masses being again measured for obtaining total porosity (Camargo et al., 1986) . For data collection on soil penetration resistance, the impact penetrometer (model IAA/Planalsucar -Stolf) developed by Stolf et al. (1983) was used. The data were collected at a random point within each plot up to 0.50 m depth and transformed to MPa according to Stolf (1991) . Soil samples were collected for physical analysis after tillage and before sowing.
Plant stand was obtained by direct count of emerged plants in two central rows of subplots (2 m 2 ). Plant height and first ear insertion height were obtained from five maize plants of each subplot, based on the first ear insertion region and the flag leaf (insertion point on the stem) for plant height, at 30, 60 and 90 days after germination stabilization. The number of viable ears was calculated based on the values obtained from the count of plants in two square meters (one meter in the two central rows). The length, diameter, number of rows and number of grains per row were obtained from these ears obtained in the two square meters.
Harvesting was carried out in two rows of the subplots (2 m 2 ), which were screened in a stationary machine for maize, the grain mass of the ears being measured and the yield corrected to 13% moisture.
In the analysis of the physical attributes data, only the factor soil tillage was considered, since there was no collection on rates. The agronomic attributes were evaluated considering the factors soil tillage and sowing rate. Data were submitted to analysis of variance and later, when significant, with the Tukey test at 5% probability for comparison of means.
Results and discussions
Soil density (SD) and total soil porosity (TP) remained stable in the sampled layers (0.00-0.10; 0. 10-0.20; 0.20-0.30; and 0.30-0.40 m) , regardless of soil tillage systems (Table 3 ). According to Mazurana et al. (2011) , this non-differential behavior may be associated to the degree of soil mobilization and probably, also, to the sandy texture of the Ultisol; according to Sequinatto et al. (2014) , soil density and porosity are soil physical attributes sensitive to changes in soil management. Following Reinert et al. (2008) , the values found for SD do not restrict root growth, since they are below 1.75 Mg m -3 . The porosity values are suitable for sandy soils, since they are between 0.32 and 0.47 m 3 m -3 (Reichardt & Timm, 2004) . Cortez et al. (2014) found lower values of total soil porosity in the same Ultisol and verified a decrease in porosity when the machinery traffic increased.
Soil tillage systems influenced the RP in the layers 0.10-0.20; 0.20-0.30 and 0.30-0.40 m deep (Table 3 ). In the 0.10-0.20 m layer, T1 (plow) and T4 (chisel) presented the lowest values of RP, due to the greater working depths, as confirmed by Salvador et al. (1993) , leading to greater soil mobilization. Means followed by the same lowercase letter in the line do not differ from each other by the Tukey test at 5% probability. T1: moldboard plow + off-set harrow of 24" (0.61 m); T2: off-set harrow -22" disks (0.56 m); T3: off-set harrow -24" disks (0.61 m); T4: chisel + off-set harrow of 24" (0.61 m). F -F test and CV -coefficient of variation.
In the 0.20-0.30 m layer, T2 presented the highest RP, due to the lower working depth of the active organs of the harrow (Table 3) . At the depth of 0.30-0.40 m, the lowest RP values were for T1 because it is the only equipment to reach this working depth effectively, as confirmed by Nagahama et al. (2013) , who verified an effective depth for moldboard plow, of 0.42 m.
The high values of RP in the 0.40-0.50 m layer (Table 3) can be characterized by the higher amount of clay in this layer (Table 1) , the lack of soil mobilization, and the pressures printed by the equipment (Cortez et al., 2011) . Even so, these high values are not restrictive to root growth, as they are below 6.0 MPa (Sene et al., 1985) .
The sowing rate affected plant stand, a fact caused by the flotation effect of the seeder, being verified that the higher the rate, the smaller the number of emerged plants, contributing to a lower seed coverage, which results in little soil-seed contact, hindering the absorption of heat and moisture by the seed (Table 4) , the same not being observed for the factor soil tillage. In contrast, Kappes et al. (2013) verified that systems with soil mobilization decrease the final population of plants, since they obtained larger populations in tillage systems with soil stirring. Means followed by the same letter in the column do not differ by the Tukey test. ns: not significant (p>0.05); *: significant (p≤0.05); **: significant (p≤0.01); CV: coefficient of variation (%). T1: moldboard plow + off-set harrow of 24" (0.61 m); T2: off-set harrow -22" disks (0.56 m); T3: off-set harrow -24" disks (0.61 m); T4: chisel + off-set harrow of 24" (0.61 m).
By observing the maize plant growth period, it was possible to identify that the soil tillage systems influenced height only at 30 days after sowing (Table 4) , with T1 (plow) having the highest values and the lowest ones being found in T2 (harrow), a result of the greater and smaller working depth, respectively. Thus, greater working depth provides an increase in height at the initial stage, but at the end of the cycle there is no difference between tillage systems, since there is greater soil mobilization. This, according to Silva et al. (2015) , influences soil water content, which is directly related to aeration and oxygen availability during the germination process of the seedlings. Therefore, deeper operations allow a faster establishment, which, in turn, allows for better competition with weeds and also favors the use in consortium systems. Moreover, according to Viana et al. (2005) , the availability of mineral macronutrients resulting from the conventional tillage, being readily assimilable by the plant, has allowed the seeds to express their germinative vigor rapidly.
The rate of 8.7 km h -1 (intermediate), at 60 and 90 days after sowing, provided the lowest plant height and, therefore, lower first ear insertion height. However, at the rates of 5.1 and 10.7 km h -1 , as they provide the highest values of plant height, especially in the initial development stage of the ear, that is, at 60 days after sowing, these rates (5.1 and 10.7 km h -1 ) are observed to show the highest first ear insertion heights. Probably, due to environmental conditions, such as temperature and solar radiation associated with irrigation and fertilization, an adequate photosynthetic rate was observed and, with this, good plant development; this results, according to Valle et al. (2013) , in a stimulus in the apical dominance of plants, leading to higher plant height and first ear insertion height.
Considering the data of the hybrid used (mean height of 2.38 m, and mean 1 st ear height of 1.26 m), it can be verified that under the working conditions, the maize plant was not able to reach the mean growth values, being well below the observed pattern, which may be due to the local climatic conditions. This also occurred in a study carried out by Neves et al. (2015) when analyzing agronomic characteristics of maize cultivars for silage production in Agreste Pernambucano, where it was verified mean plant height equal to 2.00 m and mean 1 st ear height equal to 0.74 m; the region of the experimental unit was located in semiarid climate, with temperatures varying from 32.6 °C (maximum) to 11.7 °C (minimum) and annual average rainfall of 655 mm. The soil tillage systems did not influence the amount of viable ears (Table 5 ). In relation to the results of plant height at 60 and 90 days (Table 3 ) (development stage of the ears), it is noticed that there is no trend of increase in the first ear insertion height, since there was also no variation in plant height. Similar results were found by Bertolini et al. (2006) in maize cultivation with soil management systems. Notwithstanding, for the factor sowing rate, the rate of 8.70 km h -1 provided the highest values of viable ears.
The variable ear length is one of the main yield indicators of the maize crop (Pereira et al., 2009) . The soil tillage systems did not influence the length, diameter, number of rows and number of grains per ear rows (Table 5) . However, the number of viable ears, ear length, ear diameter and number of grains per ear were significantly influenced by the rates, with the highest number of viable ears, length, diameter and grain quantity being observed at the sowing rate of 8.7 km h -1 . In contrast, the analyses of Jung et al., 2009 showed that there was no influence of sowing rates on the agronomic characteristics studied, probably due to the use of low rates. Means followed by the same letter in the column do not differ by the Tukey test. ns: not significant (p>0.05); *: significant (p≤0.05); **: significant (p≤0.01); CV: coefficient of variation (%). T1: moldboard plow + off-set harrow of 24" (0.61 m); T2: off-set harrow -22" disks (0.56 m); T3: off-set harrow -24" disks (0.61 m); T4: chisel + off-set harrow of 24" (0.61 m).
The tillage systems showed no difference for maize yield (Table 5 ). However, yield was higher at 8.7 km h -1 . Probably, the lower growth of the maize plant (Table 4) has allowed a better export of nutrients for the grain filling; also, due to higher number of viable ears, length, diameter and number of rows per ear (Table 5) , there was increased yield. According to Takasu et al. (2014) , smaller height implies that the plant grows less, but in contrast, larger grain filling occurs, which was verified in this experiment; furthermore, according to Vilela et al. (2012) , lower plant height allows greater penetration of light in the canopy and decreased intraspecific competition by natural resources between plants, which results in good plant development and, with this, also better yield.
Analyzing the interaction between soil tillage and sowing rate with respect to the number of rows per ear (Table 6) , it is observed that the rate of 8.7 km h -1 provided the lowest number of rows per ear in T1; the other rates did not differ in the systems. Analyzing each individual tillage system, T1 and T3, at the rate of 10.7 km h -1 , provided the largest number of rows; T2 did not differ between rates; and T4 had the highest number of rows at the rate of 8.7 km h -1 . Means followed by the same lowercase letter in the column and upper case in the line do not differ from each other by the Tukey test at 5% probability. T1: moldboard plow + off-set harrow of 24" (0.61 m); T2: off-set harrow -22" disks (0.56 m); T3: off-set harrow -24" disks (0.61 m); T4: chisel + off-set harrow of 24" (0.61 m).
Conclusions
Soil tillage systems do not influence density and porosity in sandy soils. Tillage with moldboard plow shows the lowest soil resistance to penetration.
Soil tillage systems with greater mobilization provide greater initial height of the maize plant. The intermediate sowing rate (8.7 km h -1 ) favors the greatest number of viable ears, length, diameter, number of rows per ear and the highest grain yield.
